In a previous publication from this Laboratory, Sato and Ohmi1) made clear the timely course of the augmented secretion of epinephrine from the suprarenals in morphine poisoning in the dog which was not otherwise anaesthetized. In their experiments, morphine was adminis tered either subcutaneously in doses of 10-40mgrms. per kilo of body weight, or intravenously in doses of 2-8mgrms. per kilo, the greatest increase in the output rate, as much as 5-25times the pre-injection rate being observed within half an hour after injection by subcutaneous in jection, and within ten minutes by intravenous injection. This increas ed output rate was proved to be sufficient to partake in the production of hyperglycaemia resulting simultaneously.2) Since hyperepineph rinaemia is causable by the subcutaneous injection of morphine without causing any noticeable fall in the blood pressure, it is pertinent to con sider that there is no causal relationship between the augmenting effect of this drug upon the epinephrine secretion and its depressor effect. The impression, however, is obtainable from the results of Sato and Ohm is experiments that the epinephrine output goes hand in hand with the narcotic effects.
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The hypersecretion of epinephrine caused by morphine is probab according to accumulating evidences, of central origin, the splanch nic nerves being the efferent paths.3)
The animal having been repeatedly injected with morphine where by the tolerance against the drug has been proved achieved in that animal, how the administration of the drug can effect the epinephrine output rate is a further question.
The only observations known to us which bear on this question are those of Tachikawa,4) who subjected four dogs to daily (subcuta neous ?) injections of morphine, beginning with a dose of about 2-3 mgrms. per kilo of body weight, and ending after one or one and a half months with an increased dose of 3-7.5mgrlns. per kilo. The statement made by him was that the epinephrine concentration of the arterial blood of the tolerant dogs was increased by morphine addiction and diminished by injection of morphine. The decreased vasoconstrictor action of the blood sampled 1 and 2hours after injection upon the rab bit ear vessel was taken as a result of decreased concentration of epi nephrine. The method he adopted however, cannot be taken as ade quate for determining epinephrine in blood.
Ko, reported that epinephrine concentration of the blood taken from the ear vessel of the chronically morphinized rabbit was decreas ed by subcutaneous injection of some of the opium alkaloids, i.e. heroine, 3) Elliott, J. of Physiol., 1921, 44, 383 f. (Cat; epinephrine content of the in nervated gland shows diminution, that of the denervated gland no change. He attri buted this differential diminution to emotional alarm.) Houssay and Lewis, C. r. Soc. Biol., 1923, 89, 1120 (Dog; inactivation of the suprarenal medulla or section of splanchnic major reduces the hyperglycaemia on morphine). Houssay, Lewis and Mo linelli, C. r. Soc. Biol., 1924, 91, 1013 (Dog; suprareno-jugular anastomosis; the blood sugar increase in the recipient causable by morphine injection in the donor does not appear after having sectioned the splanchnic nerves of the latter). Kobayashi Kobayashi,7) in his observations with rabbits given repeated in jections, noticed diminution in the epinephrine content of the suprare nal gland to a very slight degree as compared with that in the normal controls.
Schmidt and Livingston8) showed that the dogs which have become tolerant to the narcotic effects of morphine are also resistant to the circulatory depressant effects.
In order to see actually, whether or not the epinephrine output rate will be affected in the animal tolerant against morphine by the admi nistration of the drug, the present experiments were carried out with simultaneous determining of the blood sugar and the blood pressure which both have been definitely proved as not altering in such a case.
METHODS.
Healthy adult dogs were used. About one to one and a half months prior to the experiment, the dorsal spinal roots from the tenth dorsal to the third lumbar vertebra were bilaterally severed. The suprarenal vein blood was sampled before injection, 3-5minutes afterwards, and at various intervals thereafter, according to the method of Satake et al9) by the lumbar way under non-anaesthesia, without disturbing the animal by pain, its epinephrine content being assayed by the rabbit intestine method.10) The blood sugar content and blood pressure were measured almost simultaneously with the collections of the suprarenal samples. The blood for sugar determination was taken through a can nula inserted into the lumbar artery on the side of the lumbar route preparation, its sugar concentration being estimated according to the method of Hagedorn and Jensen. The blood pressure was recorded by a mercury manometer from the ipsilateral or contralateral femoral artery, exposed under local anaesthesia with 0.5 per cent novocain solution.
For the purpose of comparing our results with those of the previous investigators, we have given intravenous injection of 8mgrms. morphine hydrochloride per kilo of body weight, in a 2 per cent, solution which was proved to be enough to produce lowering of the blood pressure, and increase in the epinephrine output and blood sugar level.
The first experiment on the effects of the morphine administration upon the epinephrine output rate, blood sugar, blood pressure, etc., were carried out in the normal dogs, i.e. those which had no tolerance to that dose with or without previous repeated injections. Later, in some dogs, after the first experiment, intravenous or subcutaneous injections of morphine were repeated daily or every other day in such various doses as shown in the accompanying table, and continued until full tolerance to the narcotic effects of that dose was attained. When the animal re fused food or became weak, injection was stopped. As criteria of toler ance we have relied upon the behaviour of the animal and symptoms following the injection, e.g. excitement, prostration, weakness, miosis, etc.
RESULTS.
The abridged protocols obtained from four dogs are presented in Table. Dog 1:
Dog 1: was given 5.6c.c. of 20% morphine i.e. 8mgrms. per kilo intravenously a month prior to the first experiment re the epinephrine output, and tested for effects of that dose upon the blood sugar level only. Upon this injection, the animal struggled and cried for some seconds and became completely relaxed with an abundant salivation. During one and a half hours following the injec tion, a slight recovery from the narcotic effects set in, but the recovery was still incomplete at the end of three hours.
The blood sugar increased from the initial level of 0.09% up to 0.138% and 0.141% 5 and 80minutes after the injection respectively, then decreased gradual ly; 0.101% was reached at the end of three hours after injection.
Two days after this observation, repeated injection of morphine was begun; 6 subcutaneous injections of 4c.c. of 2% morphine, during 14 days, 3 subcuta neous injection of 7c.c. during the following 5days, and 3 intravenous injec tion of 5c.c. during the last 7days. At the last injection the animal had not then shown any sign of resistance to morphine, presumably because the time in tervals elapsed between the injections were too long to establish tolerance. Here we have attempted to test the influence of morphine upon the epinephrine out put rate as well as blood sugar level during the non-tolerant period. Two days after the last injection, the lumbar route preparation was made.
6.6c.c of 2% morphine, i.e. 8mgrms. per kilo being given intra venously (Exp. 1 in Dog 1). During the injection the animal showed slight struggling, but soon lay down on its side relaxedly. About thirty minutes after injection, active spontaneous movements of its legs appeared; one and a half hours later the animal became somewhat vigorous, but recovery from the narcotic effect was incomplete. The blood pressure began to fall from the pre-injection level of 102mms. Hg. within 25seconds after the start of injection, and reached its lowest level, viz: 12mms. Hg. in one and a half minutes after the start of injection. The lowering of the blood pressure was accompanied by decrease of the heart rate and respiratory frequency.
The epinephrine output rate was definitely increased by the mor phine injection. The pre-injection rate was 0.00002mgrm. per kilo per minute from one gland, the output rate measured with the specimen taken 5minutes after the injection being 0.00045mgrm. per kilo per minute. The magnification was over twenty-fold. At this time the blood pressure recovered one-half of the initial height. 0.00029mgrm. per kilo per minute was the output rate 15minutes after the injection, at which time the pressure returned to a height two-thirds of the initial. The blood flow through the gland was decreased by the injection, but the epinephrine concentration of the suprarenal vein blood was in creased, e.g. about thirty times the pre-injection concentration with the specimens collected 5 and 15minutes after the injection. The out put rate returned to 0.00005mgrm. per kilo per minute in 30minutes after the injection and remained at this rate until two hours after the injection. This rate was still above the pre-injection rate. The blood sugar showed a slight but definite increase after the injection. It rose slowly from 0.106% so as to reach 0.125% in 15minutes, the initial level being recovered within 80minutes.
Following the second day after this experiment, injections were continued; during three days the animal received subcutaneously 7c.c. and intravenously 5c.c. of 2% morphine daily, and during the next 2 days intravenous doses of 8c.c. were given twice a day. During the period of a further 13days, 11 intravenous injections of 9c.c. were made. After the 12th day of the repeated injection, the animal became fully tolerant against each dose.
On the 2nd day after the last injection, that is the 20th day of the repeated injections, the second experiment on the epinephrine secretion was undertaken. Intravenous injection of 5.6c.c. of 2% morphine (=8mgrms. per kilo of body weight) was without any significant effects upon the behaviour of the animal. It was lying quietly on the table quite the same as before the injection. Nevertheless, the injec tion was followed by a slight and transitory fall of the blood pressure. This fall was clearly less both in its magnitude and duration than in the first experiment. The pressure began to fall thirty seconds after the start of injection from 102mms. Hg. so as to reach a half of the pre-injection height thirty seconds later; 80mms. Hg. was reached in 2 minutes after the injection. The heart rate was decreased by the in jection.
The epinephrine output rate remained almost unchanged. It varied from 0.00002 to 0.00003mgrm. per kilo per minute from one gland be fore the injection, and from 0.00001 to 0.00002mgrm. per kilo per mi nute for two hours after the injection. The epinephrine concentration of the samples was unchanged, while the outflow from the gland was diminished slightly at three minutes after the injection. The blood sugar also remained unaffected; the level measured at 3, 20, 35 and 80 minutes after the injection was 0.119%, 0.116 0.115% and 0.110% respectively against the pre-injection level of 0.120-0.117%. Dog 2:
In Dog 2 we have made blood sugar estimation only on the first dose.
Soon after the intravenous injection of 6.4c.c. of 2% morphine, i.e. 8mgrms. per kilo, struggling and crying. followed. The stage of excitement was soon replaced by a profound prostration, but recovery from the narcotic effects was still incomplete at the end of three hours after the injection. The blood sugar showed a long lasted hypergly caemia: It increased from the original level of 0.090-0.088% to 0.134% in 5minutes, to 0.139% 20minutes after the injection, then de creased gradually. The initial level was regained in 3hours after the injection.
On the 2nd day after this test, repeated injection of morphine was begun. This animal became more easily resistant to morphine than the other. 6 sub cutaneous injections of 6c.c. of 2% morphine during a period of 11days was enough to establish tolerance to the subcutaneous dose of 26c.c. of 29 mor phine plus iutravenous dose of 7c.c. of it; the animal showed no symptoms with that dose from the 13th day of the repeated administrations. Showing the data re the epinephrine output, blood sugar, blood pressure on morphine in the dogs, which acquired some tolerance against morphine by previous treatment with it.
output rate with simul taneous determination of blood pressure and glycaemic.level were examined. It may be noted that 8c.c. of 2% mor phine was given intravenously two times on the day before the second experiment, in the morning and afternoon, and about twenty four hours were allowed to elapse between the last injection and the begin ning of the epinephrine ex periment.
The same dose of mor phine, i.e. 8mgrms. per kilo (6c.c. of 2%) was without any effect upon the behaviour of the animal. The blood pres sure and respiratory rate were not affected by the injection, while the heart rate was mark edly increased for one hour following the injection.
The epinephrine output rate was changed from 0.00001 mgrm. per kilo per minute from one gland to 0.000017mgrm. per kilo per minute four mi nutes after injection, but this increase was insignificantly small. The epinephrine con centration remained unaltered, while the blood flow through the gland was a little increased. The blood sugar was also al most unaltered; a moderate decrease was found in the later stage of observation. T. Hirano and Y. Taneiti
Dog 3:
A similar outcome to the above two dogs was obtained from Dog 3. The first dose of 8mgrms. per kilo of morphine showed a profound narcosis and a remarkable fall of the blood pressure as usual. The animal began active spontaneous movements of its head in one and a half hours after the injection, but a complete recovery from the nar cotic effects did not occur within two hours.
The epinephrine output rate increased from 0.00002mgrm. per kilo per minute to 0.00034mgrm. per kilo per minute 5minutes after the injection. The magnification of this increase was over 15-fold. The output rate determined with the samples taken 18minutes after the in jection was 0.00013mgrm. per kilo per minute; it remained at this level for over one hour and then returned to 0.00005mgrm. per kilo per mi nute at & the end of two hours, a little above the pre-injection rate. The epinephrine concentration of the blood samples was increased from 0.00005mgrm. per c.c. to 0.0008mgrm. per c.c. in 5minutes after the injection. Somewhat high concentration was still found even two hours after the injection. The blood flow was increased a little at five mi nutes, but decreased at 18minutes up to a half of the initial concen tration.
The glycaemic level rose from 0.108-0.111%, the highest level of 0.159%. being reached at 18minutes after the injection. The pre-injection level was recovered in one and a half hours after the injection.
Repeated injection was began in this animal on the 5th day after the above experiment, when the animal regained a normal vigour.
The animal received daily 6, 8 or 10c.c. of 2% . morphine intravenously, or 8 to 10c.c. subcutaneously during two months, except 9days in toto, on which it refused food. The animal was still less resistant to each injection.
Then the administration was discontinued for 9days, and then subcutaneous injections of 15-20c.c. or intravenous injections of 10c.c. were continued during 82days. The animal acquired a full resistance to each injection from the 80th day of repeated injection.
On the day following the last injection, the second experiment was performed. The animal was fully resistant to an intravenous dosage of 5.3c.c. of 2% morphine, i.e. 8mgrms. per kilo, and behaved quite normal. The blood pressure was lowered from 137mms. Hg. to 115 mms. Hg. within one minute, but soon returned to the previous height. The heart rate which was found to be already fast before the injection did not show any significant retardation after the injection.
The blood sugar also showed no noteworthy change. It varied be fore the injection from 0.114 to 0.098%, while after the injection it was from 0.117% to 0.088% for two hours. The epinephrine output rate was almost unchanged. The pre-injection level of 0.000045mgrm. per kilo per minute was found a little higher than that determined in the first experiment.
Dog 4:
The first dose of morphine (4.4.c.c. of 2%, i.e. 8mgrms. per kilo intravenously) produced in this animal a fall of blood pressure as considerable as from 142mms. to 40mms. Hg. But it recovered the initial height within 20minutes; later the pressure very slowly went a little higher, the height at two hours after the injection being mea sured as 120mms. The narcotic effects were as profound as in the other animals, a slight recovery setting in one and half hours after the in jection. Two hours were insufficient for complete recovery from the narcosis. Retardation of the heart beat appeared in 20minutes, the rate one and a half hours and two hours after the injection being 54 and 42 per minute respectively.
The greatest increase in the epinephrine output rate was found with the blood sample taken 5minutes after injection; it was 0.00033 mgrm. per kilo per minute from one gland as compared with the pre injections rate of 0.00004mgrm. per kilo per minute. The output rate at 20, 40 and 65minutes after the injection was 0.00027, 0.00023 and 0.00012mgrm. per kilo per minute respectively. Complete recovery of the previous output rate did not occur within two hours. The magni fication of the increase in the epinephrine concentration was about ten fold at five minutes after the injection, and outflow of the blood from the gland was a little reduced.
From the 5th day after the experiment described above, subcutaneous in jections of 6, 7 or 8c.c. of 20% morphine, 11 injections in toto, were made dur ing a period of 24days. This animal was very susceptible to morphine and refused food frequently. On the 25th day of the repeated injection 4c.c. were injected intravenously. From the 26th day, 14 intravenous injections of 5c.c. were given during 22days. From the 40th day a full tolerance developed, and two days after the last injection the second experiment was performed.
Unexpectedly, this animal showed in the second experiment no to lerance to morphine, as will be reported below. The intravenous injec tion of 3.8c.c. of 2% morphine (=8mgrms. per kilo) caused a profound narcotic effect. The animal began to move its head spontaneously in 20minutes, but could not recover the previous vigour. until the end of the experiment, extending two hours after morphine. Fall of the blood pressure occurred after a slight rise associated with struggling, to almost the same degree as after the first injection. The lowest level such as 45mms. Hg. was reached one minute after the start of injection; at 5minutes and 20minutes after the injection 70mms. and 80mms. were reached respectively. The magnitude and duration of the hypoten sion were almost the same as those in the first experiment, and pre injection height of the blood pressure was not recovered during the observation period.
The heart rate underwent a slight and temporary increase after the injection, but the latter was replaced by a gradual decrease; the rate of 90 per minute was reached two hours after the injection as against 150-192 per minute before the injection.
The epinephrine output rate was increased considerably; the magnitude and duration of the increase were almost similar to those de termined in the first experiment. The output rate from one gland was measured as 0.00004mgrm. per kilo per minute before the injection. Five minutes after the injection it was increased up to 0.00034mgrm. per kilo per minute and remained at this rate for over fifteen minutes. The output rate determined about 40 and 60minutes after the injection was almost 0.0002mgrm. per kilo per minute. Towards the end of the experiment extending for two hours after morphine, the output rate was a little above the pre-injection rate, the increase being due to the in crease in the epinephrine concentration of the suprarenal vein blood. The hyperglycaemic effect was very considerable; the glycaemic level showed a gradual increase, the highest level such as 0.181% against the initial level of 0.083% was reached one hour after the injection. At two hours after the injection it returned to 0.115%.
This was a rather exceptional case in which the animal looked as having achieved the tolerance against morphine, but suddenly was proved as non-tolerant notwithstanding that the injection under ques tion was separated from the immediately foregoing injection by only two days. Such an event has been reported of animal experiments, contrary to the experience on human subjects. Further it maybe ad ded in passing that our dogs did not seem to take kindly towards the drug, that is they never looked cheerful when the injection was car ried out.
The features of the epinephrine output rate during the morphine poisoning (the dogs had not yet been treated before hand with morphine or did not show their having been tolerated against morphine despite of the long continued treatment) will be here briefly stated:
Morphine was given in the present cases in the uniform intraven ous dose, i.e. 8mgrms. per kilo of body weight. The greatest output rate was found with the blood samples taken 5minutes after the in jection. In Dogs 1 and 2 the output rate was increased from 0.00002 mgrm. per kilo per minute from one gland up to 0.00045 and 0 .00034 mgrm respectively, while in two experiments on Dog 4 it was from 0.00004mgrm. per kilo per minute up to 0.00033 and 0.00034mgrm . The duration of the hypersecretion of epinephrine was over two hours . Our results are in satisfactory agreement in both the magnitude and duration of the hypersecretion with those obtained by Sato and Ohmi1) from a dog (Dog 6), which received the same dose of morphine per kilo , as our dogs. In their experiment the initial output rate was 0.00003 mgrm. per kilo per minute from one gland, and the greatest rate 0.00058 mgrm. 5minutes after the injection; at 135minutes it was still as large as 0.00016mgrm.
The augmentation in the output rate lasted much longer than the period of the lowering of blood pressure. We believe that there is no causal relationship between the fall of blood pressure and hypersecre tion resulting under morphine. That the subcutaneous dose of 10-40 mgrms. morphine per kilo elicites, according to Sato and Ohmi, a considerable hypersecretion of epinephrine without being accompanied by any noticeable fall in blood pressure, adds strength to our belief. It is clear that a parallelism runs between the hyperepinephrinaemic and narcotic effects of morphine.
Upon the dose of morphine described above, the maximum of the blood sugar level was reached in our normal or non-tolerant dogs with in 15minutes after the injection in Dogs 1 and 3, and within 40-60 minutes in Dog 4. The maxima were 0.13-0.18%. In a dog of Sato and Ohmi it was determined as 0.165% with the blood taken 80mi nutes after injection, while in the dogs of Tanaka,2) without the lum bar route preparation, the highest level was reached within 15-20mi nutes after the same dose of morphine. It was 0.14-0.27% in the dogs of Tanaka as compared with 0.13-0.18% in our dogs.
In comparing the magnitude of hyperglycaemia between both groups of animals, the normal dogs and the dogs from which the suprarenal vein blood containing a large amount of epinephrine was taken out from time to time, the last mentioned manipulation must be taken as having some bearing upon the difference. The data given above and displayed in the table show that the hypersecretion of epinephrine runs ahead of the hyperglycaemia.
We have an experience where the morphine administration resulted in an augmentation of epinephrine discharge followed by a decrease in the glycae mic level. The animal died two hours after morphine.
The male animal. The severance of the dorsal spinal roots was made on 10. IX. 1935, its body weight being 15.0kilos. On 2. XII, body weight 15.4 kilos, the left lumbar route preparation was established; the right femoral ar tery (for blood pressure) and right saphenous vein (for injection) were pre pared (10:10a.m.-0:50p.m.)
At 4:19p.m., 8mgrms. morphine per kilo was injected intravenously.
Upon the injection, the animal struggled for some seconds, but soon lay down relaxedly. The blood pressure fell from the initial level of 110mms. to 30mms. Hg. within 50seconds after the start of injection and further to 15mms. Hg. at 15minutes.
This hypotension continued until the animal died at the end of two hours. The heart rate was increased; 171-192-177 per min. before morphine and 204-216-228 after morphine. The frequency of respiration was also increased: 18-24 per min. before morphine and 42-48 after morphine.
The epinephrine output rate 30 and 17minutes before the injection was 0.00003mgrm. per kilo per minute from one gland, while it was magnified to 0.00067mgrm. per kilo per minute 6minutes after the injection. 15minutes later it decreased to 0.00036mgrm. The output rate determined at 47, 60, and 110minutes was 0.00036, 0.00027 and 0.00022mgrm. per kilo per minute. The blood flow through the gland diminished after the injection. The increase in the output rate was entirely due to the increase in the epinephrine concentra tion of the suprarenal vein blood; the maximal magnification of the latter was eighty-fold.
The blood sugar showed, instead of a rise, a slight but definite fall from the pre-injection level of 0.101%; its lowest level of 0.078% was found 60 minutes aftar the injection. But 30minutes later it returned to 0.095%.
In this connection we recall a similar experience, previously reported.11) frequency was not consistently altered by the morphine administra tion, irrespective of whether the animal was tolerant to the drug or not. From the description given above, it is without doubt that when the dog is to be judged from its general appearance as having achieved tolerance against morphine, the several alterations in the body taking place during the morphine poisoning, such as the hypotension, brady cardia, hyperglycaemia do not take place on administering morphine in the amount not exceeding the limit used for establishing the tolerance. The epinephrine output rate does not make exception.
SUMMARY.
The epinephrine output rate, blood pressure and blood sugar con centration were studied after giving morphine in dogs which were proved as tolerant against it, judging from the narcotic state by the previous treatment with it, and compared with those obtainable when the dog had not been previously treated with morphine or had not obtained any tolerance.
The suprarenal vein blood was collected according to the method of Satake et al., without disturbing the behaviour of the animal, its epinephrine concentration being determined by the rabbit intestine seg ment method. The blood sugar and blood pressure were simultaneously measured.
Intravenous injection of 8mgrms. morphine per kilo of body weight in a 2 per cent solution was, in the normal dogs, followed by an immediate fall in blood pressure with a profound narcosis. The blood pressure usually reached its lowest level such as 10-30mms. Hg. with in one or one and a half minutes after the start of injection, the pre -injection level being recovered almost completely within two hours.
The epinephrine output rate was increased; the greatest rate, which was determined 4-5minutes after injection, was 0.0003-0.00,05 mgrm. per kilo per minute from one gland as compared with 0.00002 -0.00004mgrm. per kilo per minute before injection. The hypersecre tion lasted much longer than the period of the lowering of blood pres sure. The bradycardia appeared in the later stage of the observation. The blood sugar was also increased; its highest level being reached within 15-60minutes.
When the animal acquired a full tolerance to the narcotic effects, the circulatory, hyperglycaemic as well as hyperepinephrinaemic effects of morphine did not occur. The bradycardia occurred no more.
